Signal transducing adaptor protein-2 (STAP-2) is a recently identified adaptor protein that contains Pleckstrin and Src homology 2 (SH2)-like domains as well as a YXXQ motif in its C-terminal region. Our previous studies revealed that STAP-2 binds to signal transducer and activator of transcription 3 (STAT3) and STAT5, and regulates their signaling pathways. In the present study, we identified tyrosine-250 (Tyr250) in STAP-2 as a major site of phosphorylation by v-Src and Jak2, using a phospho-specific antibody against STAP-2 phosphorylated at Tyr250. Mutational analyses revealed that Tyr250 was involved in the STAT3-enhancing activity of STAP-2. We further found that leukemia inhibitory factor (LIF) or Jak2 expression stimulated STAP-2 Tyr250 phosphorylation in 293T and Hep3B cells. Moreover, endogenous STAP-2 was phosphorylated at Tyr250 following LIF stimulation of murine M1 cell line. Taken together, our findings demonstrate that endogenous STAP-2 is phosphorylated at Tyr250 and that this phosphorylation is involved in its function.
Introduction
(PolyPlus-transfection). At 36 h after transfection, the cells were stimulated with LIF (50 ng/ml) for additional 8 h. The stimulated cells were harvested and assayed for the luciferase activity using the Dual-Luciferase Reporter Assay System (Promega). Three or more independent experiments were carried out for each assay. Cell growth was determined by Cell Counting Kit-8 (Wako Chemicals, Tokyo, Japan) according to manufacturer's instructions.
Immunoprecipitation and immunoblotting
The immunoprecipitation and Western blotting assays were performed as described previously [11] . Cells were harvested and lysed in lysis buffer (50 mM Tris-HCl, pH 7.4, 0.15 M NaCl, containing 1% NP-40, 1 M sodium orthovanadate, 1 M phenylmethylsulfonyl fluoride and 10 µg/ml each of aprotinin, pepstatin and leupeptin).
An aliquot of total cell lysates were resolved on SDS-PAGE and transferred to PVDF transfer membrane (PerkinElmer; Boston, MA, USA). The filters were then immunoblotted with the respective antibody.
Results and Discussion

Characterization of a phospho-specific antibody recognizing the Tyr250 phosphorylation site
Previous studies have demonstrated that STAP-2 is tyrosine-phosphorylated by several protein tyrosine kinases (PTKs), including Brk, v-src, Jak2, Syk and EGFR [4, 5, 12] . We identified four potential phosphorylation sites via substitution of tyrosine residues with phenylalanine ( Fig. 1A ). Among these, Tyr250 was found to be phosphorylated by several PTKs. To further probe the phosphorylation status of STAP-2 Tyr250, we generated a phospho-specific antibody against the Tyr250 site (Fig. 1A) , antibody only failed to recognize the STAP-2 Y250F mutant coexpressed with v-Src (Fig. 1B, lane 11) , indicating that the anti-pSTAP-2 Tyr250 antibody specifically recognizes STAP-2 at Tyr250. Furthermore, the STAP-2 Y250F mutant protein coexpressed with v-Src showed a faster mobility than STAP-2 WT and the other YF mutant proteins. This mobility shift of STAP-2 Y250F may be an effect of phosphorylation, suggesting that Tyr250 is a major phosphorylation site.
Next, we examined whether STAP-2 Tyr250 represented a major site of phosphorylation by Jak2. To achieve this, Myc-tagged STAP-2 WT and the same series of YF mutants were expressed with or without a GST-Jak2 kinase domain fusion protein (GST-JH1) in 293T cells. As shown in Fig. 1C , the anti-pSTAP-2 Tyr250 antibody only failed to recognize the STAP-2 Y250F mutant coexpressed with GST-JH1, indicating that Jak2 also phosphorylates STAP-2 at Tyr250. Furthermore, STAP-2 Y250F also showed a shift to a faster mobility in this experiment (Fig. 1C, lane 4) .
Substitution of Tyr250 to Phe in STAP-2 reduces its STAT3-enhancing activity
In a previous study, we demonstrated that ectopic expression of STAP-2 enhanced 
LIF stimulates phosphorylation of Tyr250 in endogenous STAP-2
To verify that Tyr250 in endogenous STAP-2 is phosphorylated in response to LIF stimulation, we first used the LIF-responsive murine leukemia cell line M1, which can be induced to undergo growth arrest and terminal differentiation into macrophages in response to LIF [8, 13] . In fact, LIF was found to induce growth arrest of M1 cells at 48 h after stimulation (Fig. 4A) . Previously, we demonstrated mRNA expression of endogenous STAP-2 in LIF-treated M1 myeloid cells and murine macrophages [4] .
However, since an anti-murine STAP-2 antibody was not available, we could not detect the phosphorylation of the endogenous STAP-2 protein in that study. In the present study, we successfully generated an anti-murine STAP-2 antibody by immunization with a synthetic peptide conjugate. Using the anti-pSTAP-2 Tyr250 and anti-murine STAP-2 (MuSTAP-2) antibodies, we examined the phosphorylation of endogenous STAP-2 by LIF in M1 cells. At 24 h after LIF stimulation, endogenous STAP-2 was phosphorylated at Tyr250 in M1 cells (Fig. 4B) . Similar phosphorylation of STAP-2 was observed at 48 h after LIF stimulation, although its protein level was clearly decreased compared with that of actin (Fig. 4B) . These data indicate that LIF stimulation results in phosphorylation of endogenous STAP-2 at Tyr250. Moreover, these findings suggest that phosphorylation of STAP-2 may induce its degradation by currently unknown mechanisms.
Concluding remarks
The results of the present study provide evidence that Tyr250 in STAP-2 is a major phosphorylation site and involved in its STAT3-enhancing activity. We further clarified that LIF induces phosphorylation of ectopically-expressed STAP-2 at Tyr250 in 293T and Hep3B cells using an anti-pSTAP-2 Tyr250 antibody. Furthermore, we demonstrated that 
